Since the first report of the microbiological production of 10-hydroxystearic acid from oleic acid (compound 1 [see Fig. 1 ]) by Wallen and coworkers (18, 19) , the hydration of oleic acid to 10-hydroxystearic acid has been reported with Pseudomonas sp. strain NRRL-2994 (17) , Pseudomonas sp. strain NRRL-B-3266 (16) , and Rhodococcus rhodochrous ATCC 12674 (10) . We recently reported that oleic acid was efficiently converted to 10-hydroxystearic acid by resting cells of Saccharomyces cerevisiae (baker's yeast, type II; Sigma Chemical Co.) and other yeasts, fungi, and bacteria (5).
Baker and Gunstone (2) reported the chemical synthesis of 9-hydroxystearic acid. While it was impossible to measure the optical rotation of this hydroxy fatty acid, the D configuration was assigned on the basis of mixture melting point data. Schroepfer and Bloch (17) demonstrated that the methyl ester of Gunstone's synthetic acid was slightly levorotatory ((a]23, 5460 = -0.16). 10-Hydroxystearic acid was prepared by incubating oleic acid with Pseudomonas sp. strain NRRL-2994 under the conditions described by Wallen et al. (19) . Wallen et al. (19) suspected that the hydroxy acid was optically active, but it was not possible to measure its optical rotation. Wallen et al. (18) later reported the specific rotation of methyl-10-hydroxystearic acid to be [a]26, 5500 = -0.03. Schroepfer and Bloch (17) reported that the methyl ester of the 10-hydroxyoctadecanoic acid produced from oleic acid by Pseudomonas sp. strain NRRL-2994 was levorotatory and assigned the stereochemistry of the hydroxylated position as D, or R as in 10(R)-hydroxystearic acid (compound 2 [see Fig. 1]) . These investigators later reported that during the course of the 9,10-hydration reaction solvent hydrogen was stereospecifically introduced at the 9 position in the corresponding L or S configuration (15) .
Most investigators (4, 6, 7, 9, 10, 19) ,l of methanol, and samples were spotted onto thin-layer chromatography (TLC) plates for analyses. Preparativescale incubations were conducted as described in detail before (5), as were methods for the extraction, chromatographic purification, and identification of hydroxy fatty acid products.
Preparation of (S)-(+)-O-acetylmandelate esters of methyl-10-hydroxystearate. 10-Hydroxystearic acid isolated from R. rhodocus ATCC 12674 was methylated with diazomethane and reacted with (S)-(+)-O-acetylmandelic acid as described before (5) , and the diastereomeric derivative mixture of compounds 4 7 .35 to 7.39 (3H, m, H-3", H-4", H-5"), 7 .47 (2H, dd, J = 6, H-2", H-6"). 
FIG. 1. Microbial transformation of oleic acid (compound 1) to 10(R)-hydroxystearic acid (compound 2) and 10(S)-hydroxystearic acid (compound 3) and chemical derivatization of these hydroxy fatty acids to their corresponding methyl-10(R)-[S-(+)-O-acetylmandeloyl] (compound 4) and methyl-10(S)-[S-(+)-O-acetylmandeloylI (compound 5) stearates.
The 'H-NMR spectra of mandelate esters of methyl-10-hydroxystearate (compounds 4 and/or 5) from the other microorganisms gave identical proton NMR spectra, except for the relative intensities of the pairs of diastereoisomeric protons for H-2, H-18, -OCH3, and H-2'. Figure 2 shows the signals for the -OCH3 methyl ester functional group for compounds 4 and/or 5 obtained from each microorganism. The results in Fig. 2 are expressed in terms of the percent enantiomeric purity (enantiomeric excess, or %ee). Enantiomeric purities are determined by the equation: % ee = [(R -S)I(R + S)] x 100, where R represents the NMR signal peak area of the R isomer (compound 4) and S represents the NMR signal peak area of the S isomer (compound 5).
RESULTS AND DISCUSSION
Hydroxy fatty acids are valuable as lubricants, surfactants, plasticizers, and components in detergent, coating, and paint industries and in the synthesis of resins (5) . Since these bifunctional monomers may be useful in the preparation of chiral polymers, it is important to have available a simple method for determining the stereochemical purities of 10-hydroxystearic acids. It is theoretically possible to obtain either 10(R)-hydroxystearic acid (compound 2), 10(S)-hydroxystearic acid (compound 3), or mixtures of these two enantiomers (compounds 2 and 3) by microbial hydration of oleic acid (Fig. 1) . The assignment of stereochemistry to 10-hydroxyoctadecanoic acids has been based largely on the elegant and detailed work of Schroepfer and coworkers (16, 17) . However, the routine adaptation of such chemical methodologies for ascertaining hydroxyl group stereochemistry is laborious, and the use of measured rotations of much less than 1°renders this process difficult. The use of S-(+)-O-acetylmandelates in determining the stereochemical purities of secondary alcohols is well established (5, 11) . The derivatization reaction is simple to perform, quantitative in yield, and not subject to racemization during reaction workup. Furthermore, we previously demonstrated that 1H-NMR spectra of compounds 4 and/or 5 exhibited four sets of signals which could be useful in distinguishing between stereoisomers. These were signals for protons at H-2 and H-18, the methyl ester, and the methine proton of the mandelic acid moiety. With the resolution achieved by using 1H-NMR at 600 MHz, it is also possible to distinguish as little as 1% of a contaminating isomer (11) .
The microorganisms selected for this work all have been well documented for their abilities to convert oleic acid to 10-hydroxystearic acid. For these experiments, the microbial hydration of oleic acid was carried out (5) , and the resulting 10-hydroxystearic acid products were isolated and purified for derivatization and 'H-NMR analysis. Each 4 with measured values of 100 and 95% enantiomeric excess, respectively. These results indicate that the stereochemistry of the 10-hydroxystearic acid formed by these pseudomonads is largely of the R-absolute configuration. On the other hand, R rhodochrous ATCC 12674 gave a mixture of compounds 4 and 5 with a measured enantiomeric excess of 11.7%, or a composition consisting of 56% 10(R) (compound 4) and 44% 10(S) (compound 5 
